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Abstract

This paper reports the analysis of the X-ray spectra of the Galactic diffuse X-ray emission
(GDXE) in the Suzaku archive. The fluxes of the Fe IKa (6.4 keV), Fe xxvHea (6.7 keV)
and Fe xxviLya (6.97 keV) lines are separately determined. From the latitude distributions,
we confirm that the GDXE is decomposed into the Galactic center (GCXE), the Galactic
bulge (GBXE) and the Galactic ridge (GRXE) X-ray emissions. The scale heights (SHs) of
the Fe xxvHea line of the GCXE, GBXE and GRXE are determined to be ~40, ~310 and
~140 pc, while those of the Fe 1Ka line are ~30, ~160 and ~70 pc, respectively. The mean
equivalent widths (EWSs) of the sum of the Fe xxvHea and Fe xxviLy«a lines are ~750 eV,
~600 eV and ~550 eV, while those of the Fe IKa line are ~150 eV, ~60 eV and ~100 eV
for the GCXE, GBXE and GRXE, respectively. The origin of the GBXE, GRXE and GCXE is
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separately discussed based on the new results of the SHs and EWSs, in comparison with those

of the Cataclysmic Variables (CVs), Active Binaries (ABs) and Coronal Active stars (CAS).
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1 Introduction

The Galactic diffuse X-ray emission (GDXE) is unresolveday-emission along the Galactic plane
(Worrall et al. 1982; Warwick et al. 1985). Strong K-shatids from highly ionized atoms were found
in the GDXE spectra (Koyama et al. 1986; Koyama et al. 198afachi et al. 1990; Yamauchi &
Koyama 1993; Kaneda et al. 1997; Sugizaki et al. 2001; El@satal. 2005). Subsequently, the
K-shell lines were resolved into Helium-like and Hydrodéw atomic lines, such as Bexv Hex,

Fe xxvi Lya, Sxv Hea and Sxvi Lya (Koyama et al. 1996; Koyama et al. 2007b; Ebisawa et al.
2008; Heard & Warwick 2013a). The Bexv Hea (6.7 keV) and Fexxvi Ly« (6.97 keV) lines are
emitted from a high temperature plasma (HP)®f ~5—7 keV, while the v Hex (2.46 keV) and
SXVI Ly« (2.62 keV) lines come from a low temperature plasma (LP}'Bf~1 keV. Koyama et
al. (1996) discovered FeKa (6.4 keV) lines from the Galactic center (GC) region. Brigégions
are associated with molecular clouds, hence the origin asdkcence from cool gas (CG). They are
called as the X-ray reflection nebulae (XRNe). FurthermiBbgsawa et al. (2008) and Yamauchi et al.
(2009) found the FeKa line in the various regions along the Galactic plane. Tleeethe Fa Ka
line emission is not only from XRNe, but its large fractiorm®re extended emission along Galactic
plane. From the spatial distributions of the Fe K-shell $inKoyama et al. (1989), Yamauchi &
Koyama (1993) and Uchiyama et al. (2013) decomposed the GBEhe Galactic Center (GCXE),
Galactic Bulge (GBXE) and Galactic Ridge (GRXE) X-ray Enoss

Long standing debates have been the origin of the GDXE. Mdsteoprevious debates were
based on the observations of limited spatial and spectsaluBon, where the GDXE was not sepa-
rated into the GRXE, GBXE and GCXE. The K-shell line emissabr-6.7 keV was not resolved to
the Fel Ko, Fe xxv Hea and Fexxvi Ly« lines.

In this paper, we analyze the Suzaku archive data from a laugeer of pointing positions
along the inner Galactic plane. We confirm that the GDXE is posed of the GCXE, GBXE and
GRXE. Furthermore we separately determine the scale lee(§is) and equivalent widths (EWS)
of the Fel Ka, Fe xxv Hea and Fexxvi Ly« lines in the GCXE, GBXE and GRXE. Based on these
results, we examine the origin of the HP and CG in the GCXE, GBXd GRXE. Throughout this
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paper, the distance to the GC is 8 kpc and quoted errors dne 8% (b)) confidence limits.

2 Observations and Data Reductions

Suzaku observations of the GDXE were carried out with thea)Xdmaging Spectrometers (XIS,
Koyama et al. 2007a) placed at the focal planes of the thinkfoay Telescopes (XRT, Serlemitsos
et al. 2007). The XIS consisted of 4 sensors: XIS sensor-$1Xhad a back-illuminated CCD (Bl),
while the other three XIS sensors (XISO, 2, and 3) had frimtrinated CCDs (Fl). Since XIS 2
turned dysfunctional on 2006 November 9, the other three®sn(XIS 0, 1, and 3) were operated
after the epoch. A small fraction of the XIS 0 area was not sede 2009 June 23 because of the
damage by a possible micro-meteorite. The XIS was operatéeinormal clocking mode. The field
of view (FOV) of the XIS was 1'Bx17'8.

We selected the data set near the Galactic plane from all tble\& Suzaku data, where no
bright X-ray source was included. The number of the dataps@h{ing positions) was 143, about
2.3 times larger than that of the previous work by Uchiyamale{2013). The pointing positions
(Galactic coordinates) and exposure times are listed ie thb

Data reduction and analysis were made using the HEASOFTXT&eulse-height data for
each X-ray event were converted to Pulse Invariant (Pl) cbBsnusing thecispi software and the
calibration database. We excluded the data obtained atdabth S\tlantic Anomaly, during Earth
occultation, and at low elevation angles from the Earth rira &° (night Earth) or< 20° (day Earth).
After removing hot and flickering pixels, we used the grad2,@, 4, and 6 data.

3 Analysis and Resluts
3.1 Derivations of the Fe 1Ka, Fe xxv Hea and Fe xxvi Ly« fluxes

We extracted X-ray photons from the entire region of the X{®vFexcluding discrete sources in
the FOV and the calibration sources located at the cornetiseoKIS sensors. In order to achieve
the highest signal-to-noise ratio in the Fe band, we usegltbel Fl detectors because the sensitivity
in the Fe band was better than that of the Bl detector (Koyatrad. €2007a). To maximize the
photon statistics, data of each XIS sensor were merged. &3ponse files, Redistribution Matrix
Files (RMFs) and Ancillary Response Files (ARFs), were nfadeach data set usingisrmfgen
andxissimarfgen of the HEASOFT package, respectively. The non-X-ray bamigd (NXB) was
constructed from the night earth data provided by the XI&taaingxisnxbgen of the HEASOFT
package (Tawa et al. 2008).

We made an X-ray spectrum in the 4-10 keV band from each posiéifter the subtraction of
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Fig. 1. Galactic latitude distribution of the Fe 1Ko (6.4 keV) (top), Fe xxv Hea (6.7 keV) (middle) and Fe xxviLya (6.97 keV) (bottom) line fluxes. Left: region
(a) data of |I| <0°5. The black lines show the best-fit model for the GCXE and GBXE. Right: region (d) data from =10°-30° (red) and =330°-350° (black).

The black and the red lines show the best-fit model.



the NXB, we fitted the spectra with a phenomenological modgiower-law plus a bremsstrahlung
and many Gaussian lines. The power-law is the cosmic X-rakdrvaund (CXB) with the fixed
photon index ) and flux of 1.4 and 10 photons'scm~2 sr-! keV~! at 1 keV, respectively (Marshall
et al. 1980; Gendreau et al. 1995; Kushino et al. 2002; Résewvet al. 2005). The bremsstrahlung
and Gaussian lines are for the GDXE model.

We assumed the absorption column for the GC region§ ef5° and|b| <0°5, Ny(GCXE),
to be 6<10* cm~2 (Sakano et al. 2002). For the GRXE and GBXE region®pf1° and|b| >1°,
Nu(GRXE) and Ny (GBXE) were fixed to %10* cm~2 and 1x10* cm™2, respectively. We note
that the assumed’y has no large effect in the energy band of 5-8 keV. The absorpti the CXB,
Nu(CXB), was assumed to be twice of the interstellar absonptioNy (GDXE). The cross section
of photoelectric absorption was taken from Balucinska+€Chand McCammon (1992). As noted in
Koyama et al. (2007b), in the GDXE spectrum, a clear absampgdge of neutral or lower ionized
iron was found at 7.1 keV. Therefore we set the Fe abundanteeadbsorption column as a free
parameter if the spectra exhibited a deep absorption edge.

The temperature and the normalization of the bremsstrghlieme free parameters. The fluxes
of the FelKa (6.4 keV), Fexxv Hea (6.7 keV) and Fexxvi Lya (6.97 keV) lines were also free
parameters, but the flux of the F& 3 line at 7.058 keV was fixed to the theoretical value of 0.125
times Fel Ka (Kaastra & Mewe 1993). Since the k&v Hex line was a blend of the resonance, inter-
combination and forbidden lines, the intrinsic line widthF@ xxv Heax was assumed to be 23 eV
(Koyama et al. 2007b). Emission lines of N« (7.49 keV), Nixxvil Hex (7.77 keV), Fexxv Hej
(7.88 keV), Fexxvi Lyp (8.25 keV), Fexxv Hey (8.29 keV) and Fexxvi Ly~v (8.70 keV) were
added if the spectra had high statistics.

3.2 Scale height

In order to investigate the latitude distribution of the IF&, Fe xxv Hea and Fexxvi Ly« lines,
and the 5-8 keV band flux, the best-fit results were groupeuithe 4 regions: (a)l| <075, (b)
[=3585, (c)1=356"0—-356'4 and (d)|{|=10°-30C°. Here and after, we used a new Galactic coordinate
of (1., b.)= (I + 0°056, b+ 0°046), referring the GC (Sgr A position of (, b)=(—0°056,—0°046).

The latitude profiles of the FEK«,, Fe xxv Hea and Fexxvi Ly« lines in the regions (a) and
(d) are given in figure 1. The left panels clearly show an exisé of two components, while the right
panels show a single component. The region (a) is mainly ¥ Esdata with a small fraction of
the GBXE, while the regions (b) and (c) are vice versa. Theoreffl) is the data of the pure GRXE
(Yamauchi & Koyama 1993; Uchiyama et al. 2013).
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We simultaneously fitted the profiles of (a), (b) and (c) wittwa-exponential model of

b, b,
. )+ Acpxe exp(— o] ), (1)
GCXE GBXE

I(b,) = Agexe eXp(—b

wherebgcoxe and bgpxe are e-folding scales (degree) of the GCXE and GBXE, resgsgtand
Accxg and Aggxe are normalizations of the GCXE and GBXE, respectively. W&ddbgcxr and
baexrk Of (@), (b) and (c) each other and scalég-xr, of (b) and (c) to (a) using the e-folding longitude
scale of the GCXE of @63 (Uchiyama et al. 2013).

The data of (d) were fitted with a one-exponential model of

L @
GRXE

wherebgrxe and Agrxge, are the e-folding scale (degree) and normalization of th&XEBRespec-

I(b,) = Acrxr exp(—

tively. We excluded the local enhanced regions, the XRNelaigit supernova remnant (SNR) Sgr
A East in the GCXE (e.g., Koyama et al. 1996; Park et al. 2004).

The best-fit parameters are listed in table 2. The e-folduades in table 2 are essentially the
same as those derived by Uchiyama et al. (2013), exceptda-tblding latitude scale of the GRXE.
This disagreement was due to the data set selection; Uchigaal. (2013) used the data mainly near
the GCXE, and hence the e-folding scale of the GRXE was ha@écted by the large value of the
GBXE (see table 2). Our estimate of the GRXE was based on & jaire GRXE results in the range
of || = 10°-30°, and hence would be more reliable. On the other hand, thilexfplongitude scale
for the GCXE and GRXE by Uchiyama et al. (2013) would be ré&atue to limited contribution of
the GBXE. Assuming the distance of 8 kpc, the e-folding scédiegree) of the latitude distribution
in the 6-th column of table 2 were converted to the SHs (pci rEisults are listed in the last column
in table 2.

3.3 Equivalent width

Figure 2 show the longitude profiles of the line flux of A€«, Fe xxv Hea and Fexxvi Ly«, and
those of the flux ratios of FeKa/Fe xxv Hea and Fexxvi Lya/Fe xxv Hea. The longitude distri-
bution of the Fexxv Hea and Fexxvi Ly« lines are symmetry with respect to the Galactic center.
However the Fe Ka flux and the flux ratio relative to the Bexv Hex line (Fel Ka/Fe xxv Hex)
show east-west asymmetry latl’5-3°5 and/= 330°—340 regions (see figure 2, the 1-st and 4-th
panels).

We obtained the EWSs of the F& « (EW; 4), Fe Xxv Hea (EW; ;) and Fexxvi Ly a (EWs g7)
lines from the positions of the GCXEI|( <1°5, |b| <0°5), GBXE (| <4°0, |b| >1°0) and GRXE
(/I|=10°=30, |b| <1°0), where the local enhancements due to XRNe and the sumereawmant
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Fig. 2. Galactic longitude distribution of the Fe IKa, Fe xxvHea and Fe xxviLya line fluxes, and the flux ratios of Fe IKa/Fe xxvHea and
Fe xxviLya/Fe xxvHeca. Referring the e-folding scale of the GCXE and GRXE (table 2), we select the data of |b.| <0°2 and [b.| <0°5 in the regions
of |1.] <1°5(GCXE) and |l | >1°5 (GRXE), respectively. The data containing the XRNe and Sgr A East SNR are excluded. The red and black colors show

the data of . >0° and [, <0°, respectively.

(SNR) Sgr A East in the GCXE were excluded.

The EW, 4, EW; 7 and EW, o7 relations of the GCXE are plotted in figure 3a and 3b. Although
the EW 4, and EW;; show no clear correlation (a correlation coefficientyR1), the EW.o; and
EW;.» show a correlation (R0.6). The best-fit proportional line is plotted in figure 3thelsame
plots of the EW,, and EW,; relations of the GBXE and GRXE are shown in figure 3c and 3d,
respectively. We also made the EWand EW; 4, relation plots in the GBXE and GRXE. Due to the
large statistical errors, we found no clear correlatiorhenGBXE and GRXE data (R—0.2 — 0.5).

For the GCXE, GBXE and GRXE, the mean E\Walues were 1453, 61+11 and 9712 eV,
the EW;; were 5274, 443t14 and 428:-15 eV and the EWy; were 2213, 160+14 and
117419 eV, respectively.
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4 Discussion
4.1 Overview of the point source origin of the GDXE

Since the discovery of strong iron K-shell lines in the GDXEg origin of the GDXE becomes a
long standing question. One of the most accepted idea isdime gource origin (Revnivtsev et al.
2006). The point source origin is based on the X-ray lumitydsinction (XLF) of the continuum
flux (e.g., the 2-10 keV band). In the luminosity range~o10°°-10%* erg s!, the XLF of point
sources consists of mainly cataclysmic variables (CVs)autive binaries (ABs). It is made using
the RXTE sky survey and the ROSAT all sky survey, where the RIO&ix in the 0.1-2.4 keV band
were converted to the 2—-10 keV band. This conversion procasses a large systematic error of
>50% (Sazonov et al. 2006). In the lower luminosity band10*"— 10%° erg s!, the XLF mainly
consists of coronal active stars (CAs), where the systereator would be even larger (Sazonov et
al. 2006).



Nevertheless, the strongest support on the point sourge@i this time came from the deep
observation with Chandra. Revnivtsev et al. (2009) resblve80% of the GDXE flux into point
sources following the XLF of Sazonov et al. (2006). Althougha authors did not compare the iron
K-shell line fluxes (EW) with those of CVs and ABs, they regaddhat major sources of the FK«,

Fe xxv Hea and Fexxvi Ly« lines are CVs and ABs following Sazonov et al. (2006) becalisse
sources have been known as strong iron line emitters.

We have separately determined the EWs and SHs of theKke Fexxv Hex and
Fe xxviI Lya lines in the GCXE, GBXE and GRXE. In the next subsections,veedfore re-examine
the point source origin of the GCXE, GBXE and GRXE based osdheew observational results of
the EWs and SHs, in comparison with those of the publishedtseesf CVs, ABs and CAs. In the
current point source origin, magnetized CVs (mCVs) coverahergy range of, 10°? erg s''. Non
magnetized CVs (nmCVs), often called as dwarf novae, arghbABs are in the range of 10—
1032 erg s'!. The lowest luminosity band gf 103! erg s! is covered by faint ABs and CAs (e.g.,
Sazonov et al. 2006).

4.2 Iron line equivalent widths and scale heights of CVs, ABs and CAs

Since the EWs of Fexv Hea and Fexxvi Lya show a correlation (figure 3b), and the SHs of
these lines are similar (table 2), the origin would be theesawle therefore sum EYY and EW, o7
(EWs 7+EWs.97) hereafter. The mean EMY and EW, ;+EW; o7 of MCVs are~120 eV and~260 eV,
respectively (Ezuka & Ishida 1999; Hellier et al. 1998; lit#ll& Mukai 2004; Bernardini et al.
2012; Eze 2015; Xu et al. 2016). There is significant varratd the observed mean EWs from
the author to author. We checked the author-to-authorti@ngand found to be-40% at most. The
same order of uncertainty would be exist in the followingraation of the mean EWSs in the other
point sources.

Since nmCVs have lower flux but about 10 times larger spacsityethan mCVs (Patterson
1984), they would be important contributors to the GDXE ia émergy range of 10°°-10%2 erg s'!.
Mukai & Shiokawa (1993) reported that the sum of EAWEW;.-+EW; o7 was ~780 eV, where
unreasonably large EW samples were excluded. Byckling.gt2800) reported that EYV was
~90 eV, while Rana et al. (2006) reported that EMWEW; » and EW, 4, were ~60 eV, ~260 eV
and ~85 eV, respectively. Xu et al. (2016) analyzed 16 sampleséSuzaku archive and found
EW;, ~62 eV, EW, ; ~438 eV and EW,, ~95 eV. Thus in average, E)W and EW, ;+EW; o7 of
nmCVs are~70 eV and~530 eV, respectively.

Schmitt et al. (1990) compiled the Einstein data of X-rayssta’he major sources are ABs
9



and CAs in the luminosity range of 10°°-10*? erg s and10*"-10%° erg s!, respectively. Since
the spectral information of ABs in the iron K-shell band haeib very limited so far, we estimate
the EW from the observed Fe abundance and plasma temperdtugenean temperature and iron
abundance are reported to B8 keV, and~0.3 solar, respectively (Tsuru et al. 1989; Doyle et al.
1991; Dempsey et al. 1993; Antunes et al. 1994; White et &4 1&udel et al. 1999; Osten et al.
2000; Audard et al. 2003; Pandey & Singh 2012), and hence\Wig, ks negligible, and the sum of
EWs.» and EW o7 is estimated to be-650 eV. Recently, Xu et al. (2016) obtained EYW<20 eV,
EWs.» ~286 eV and EWgy; ~12 eV from the 4 Suzaku samples. Thus, EVdnd EW; ;+EW; o7 Of
ABs are<20 eV and 300-650 eV, respectively. The 6.4 keV line would be t irradiation of the
stellar photosphere by the coronal hard X-rays.

The EWs of CAs are even more unclear, but may be an importampgoent in the luminosity
range of< 1030 erg s' (Sazonov et al. 2006). Since X-rays from CAs are due to dynactigity,
young CAs in the pre-main sequence (PMS) and fast rotating/i@An earlier phase are more active
than old CAs in the main sequence (MS) (Guidel 2004). Pand8ingh (2008) reported the temper-
ature of a late type dwarf to b€ 1 keV. The temperature is too low to excite the iron K-shelés,
and hence old CAs would be ignored as the candidate of the G@¥Kiih. The young CAs (PMS)
in the star forming regions of the Oph and the Orion nebula clouds have the X-ray luminosity an
the mean temperature 86?5-10%'> erg s'* and 2-3 keV, respectively (Imanishi et al. 2003; Ozawa
et al. 2005; Prisinzano et al. 2008). The Fe abundane®i2-0.4 solar. A fraction of young CAs in
molecular clouds (MCs) show EyY ~100—-400 eV (Takagi et al. 2002; Tsujimoto et al. 2005; Czesla
& Schmitt 2010). Tsujimoto et al. (2005) concluded that th# eV line arises from reflection of
circumstellar disks. However, these are very rare caseshamce the mean EWs of young CAs may
be more or less similar to the ABs. In order to help the re-eration of the point source origin, we
list the EWSs of the GDXE and candidate point sources in table 3

The SHs of stars depend on the mass (e.g., Hawkins 1988; Gil&adeilik 2000; Bimmey
& Tremaine 2008):<100 pc for high-mass stars agti100 pc for low-mass stars. Then the SH of
CVs (mCVs+nmCVs) are in the range of 130-160 pc (Patters®&d;18k et al. 2008; Revnivtsev
et al. 2008). The spectral types of ABs are mostly G-K typdwinall fraction £15%) of F type
(Strassmeier et al. 1993). Then the SH of ABs-i550—-300 pc, similar to those of G—K type stars
(Gilmore & Zeilik 2000). The SH of CAs in the MS would be150-300 pc. However the CAs with
age of <10 Myrs, the CAs are not largely diffused out from the mothHeuds, and hence the SH
would be similar to MCsS100 pe.
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4.3 Galactic Bulge X-ray Emission (GBXE)

Revnivtsev et al. (2009) conducted a deep observatidnNisec) in the region ofl, b)=(0°1,—1°4)
(Chandra Bulge Field, CBF). Although the CBF is near the GG¥gion, the flux ratio of the iron
K-shell lines of the GBXE and GCXE (GBXE/GCXE) arelO0 (see figure 1 left gb, | ~1°4). Thus
the CBF can be regarded as almost a pure GBXE region. In the R8Hivtsev et al. (2009) and
Hong (2012) reported that70—-80% flux (6.5-7.1 keV band) in the central region was kesbinto
point sources. However it is very surprising that the prefodéthe 6.5-7.1 keV flux as a function of
2-10 keV luminosity by Hong (2012) is2 times larger than that of Revnivtsev et al. (2009) in the
most important luminosity range @f*'—103? erg s'*. Furtheremore, about 20% of the faintest point
sources are unique in each point source lists. Hong (20gRedrfollowing his luminosity function
that the major component is mCVs in contrast to major point@origin scenarios.

Morihana et al. (2013), on the other hand, reported #%80% (2—8 keV band) of the full
CBF field was resolved into point sources. In figure 13 of Mania et al. (2013), EW of the CBF
is ~100 eV in the luminosity range aof 10%? erg s, where a candidate source may be mCVs. It
constantly increases in the rangerof 102°—7x 103! erg s'!. This trend would be due to increasing
contribution of nmCV and bright ABs, which is against thewargent of Hong (2012). In the range of
< 7x10% erg s, the EWs become nearly constant&800 eV, where main contributors would be
faint ABs, CAs and others.

We see many systematic errors and/or differences from atdlathor in the quantities of the
point sources scenario even for the GBXE. These possilbdesemay be ignored in the luminosity
range of2 10%° erg s™'. Thus a robust conclusion may be that point sources oces&-70% of the
total GBXE flux in the= 10%° erg s'! range. The Sk and SH o, of ~310 pc and Sk, of ~160 pc
are consistent with those of nmCVs and ABs. Also thegg\&hd EW, ;+EW; o7 are not inconsistent
with the sum of nmCVs and ABs in any mixing ratio (table 3). $we suspect that some fraction
(~10-20%) of the GBXE is mCVs, while a major fraction40-50%) are due to nmCVs and bright
ABs, which covers mainly the luminosity range 0f*4:0103% erg s''. To explain anothexr 30-50%,
more reliable information of the spectra of faint nmCVs, AB#s or other objects is necessary.

4.4 Galactic Ridge X-ray Emission (GRXE)

The SH,; and SH 4; are~140 pc and~100 pc, respectively. Within the error 620-40 pc, these

may be marginally consistent with those of CVs and ABs. The,EYAEW; o7 Of ~550 eV is similar

to the GBXE. Thus the origin of HP may be more or less similathin GBXE: a large fraction is

nmCVs+ABs in the luminosity range of 10%? erg st. On the other hand, the EyY of ~100 eV is
11



~1.5-3 times larger and SH of ~ 70 + 20 pc is smaller than any mixing ratio of mCVs, nmCvs and
ABs. We therefore more seriously examine the origin of the ke line than the case of the GBXE.

Large excesses of the F&« relative to the Fexxv Hex line at/=1°5-3"5 andi=330-340
(see figure 2) are also against the point source origin foFtheK« line. Since the excess is nearly
2 times of the average level, a significant fraction shouldnbenknown components, which have
strong Fel Ka lines. The SH4 ~ 70 4+ 20 pc is similar to the MC distribution (Mathis 2000; Stark &
Lee 2005). Therefore the F& « line would mainly originate from MCs.

Molaro et al. (2014) claimed that10-30% of the total luminosity of the GRXE would be the
scattered flux of LMXBs. Using the best-fit parameters listetdble 2, the 5-8 keV band luminosity
in the (l.] = 10°=30°, |b.] < 0°5 ) region is estimated to be 6 x 10%¢ erg s'!, while that of all
the cataloged LMXBs in the same region~is7 x 10*” erg s* (Liu et al. 2007). The line-of-sight
(on-plane)Ny from this region is~ 4 x 10?2 cm~2 (e.g., Ebisawa et al. 2005; Yasumi et al. 2014).
For simplicity, we assume a uniform density disk of 6 kpc uadind 70 pc thick around each LMXB,
then Ny averaging 4 steradian around the LMXB is estimated to et x 10?* cm~2. Therefore
the Thomson scattered luminosity~s2 x 103> erg s*. This is a few % of the GRXE in this region,
and hence we can safely conclude that the contribution of BsI¥ the Fa K« flux of the GRXE
is minor fraction.

Another possible source of the FK« line is ionization by low-energy cosmic-rays (LECR),
either protons (LECRp) or electrons (LECRe). Nobukawa ef2815) consistently explained that
the Fel Ka excess at=1°5-35 is due to LECRp. In general, the most probable site of theR&IS
SNRs. However, our spectral data include no X-ray SNR. Aty a few SNRs are associated with
the diffuse Fa Ka line (Sato et al. 2014; Sato et al. 2015).

4.5 Galactic Center X-ray Emission (GCXE)

Since the EWs of the GCXE are much larger than the GBXE and GRMX&Emajor origin of the
GCXE cannot be the same as the GBXE and GRXE, namely nmCVsBadWchiyama et al. (2011)
found that the F&xv Hex line shows large excess over the stellar mass density masieiming that
all the GRXE and GBXE are due to integrated emission of pantces. The same excess over the
real infrared star count profile is found by Yasui et al. (2015

The smaller SHs of the GCXE (see table 2) than those of CVs @&l also support that
GCXE needs large additional components with smaller SHs @\s and ABs. One plausible site
of the GCXE is the central molecular zone (CMZ) (Tsuboi efl8PR9; Wienen et al. 2015). Possible
origin is a large amount of SNRs or very active star formatidayama et al. 1986) in the CMZ.

12



Another possibility is that the GCXE is due to the past higargy activities (flares of SgrA, which

is responsible for the XRNe, a recombining plasma (Nakaalgtral. 2013), the Fermi bubble (Su et
al. 2010) and jet-like structures (Koyama et al. 2003; Munale2008; Heard & Warwick 2013b).
All these possibilities can produce not only a HP respoedibt the Fexxv Hea and Fexxvi Ly«
lines but also non-thermal particles responsible for theke line (Nobukawa et al. 2015; Sato et al.
2015). The excess of the F&«a, Fe xxv Hea and Fexxvi Ly« lines in the Sgr A East region (Park
et al. 2004; Koyama et al. 2007b) would be a good example.

The authors are grateful to all members of the Suzaku teams.Wdrk was supported by the
Japan Society for the Promotion of Science (JSPS) KAKENHIZA640232, SY; N024740123, MN;
N024540229, KK). KKN is supported by Research Fellow of J&?Young Scientists.
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Table 1. Observation logs.

Sequence No.  Pointing position Observation time (UT) Expos
I,b Start— End (ksec)

407094010 322.06;0.42  2012-08-15 15:34:02 — 2012-08-16 00:11:17 30.0
501043010 330.40,0.38  2006-09-16 11:02:03 — 2006-09-17 07:14:14 43.6
503073010 331.30;0.76 ~ 2008-09-20 18:18:35 — 2008-09-21 13:30:14 53.7
503074010 331.47;0.64  2008-09-21 13:31:03 — 2008-09-22 06:40:12 52.6
501042010 331.57%:0.53  2006-09-15 16:00:48 — 2006-09-16 10:58:14 40.2
100028020 332.00,0.15  2005-09-18 22:47:36 — 2005-09-19 11:58:41 19.3
100028010 332.40,0.15  2005-09-19 12:00:02 — 2005-09-20 19:38:24 41.4
100028030 332.70,0.15  2005-09-20 19:40:17 — 2005-09-21 07:29:24 21.9
401056010 333.54,0.33 2006-09-20 20:25:12 — 2006-09-21 70 39.1

407018010 333.61:0.20  2012-08-21 23:55:27 — 2012-08-22 22:33:20 40.5
407020010 333.72,0.22 2012-08-19 12:30:06 — 2012-08-2p123 44.3

407091010 333.89, 0.41 2012-08-18 19:16:15 — 2012-08-120107 29.3

507068010 337.21:0.73  2012-09-02 13:16:23 — 2012-09-11 06:14:09 304.2
404056010 338.00, 0.08 2010-03-12 23:40:40 — 2010-03-4P114 50.6

505049010 339.01:0.93  2010-09-10 18:33:35 — 2010-09-12 04:50:16 51.9
505051010 339.43:0.80  2010-09-23 06:09:00 — 2010-09-24 09:28:16 50.2
505050010 339.79:1.14  2010-09-12 04:52:53 — 2010-09-13 14:35:12 52.7
401052010 340.05, 0.13 2006-09-09 09:12:56 — 2006-09-0%2% 225

406078010 340.17;0.12  2012-02-23 22:39:06 — 2012-02-26 12:52:21 149.8
405027010 340.44:0.18  2011-02-11 03:42:23 —2011-02-11 18:16:19 20.9
505052010 340.77%:1.01  2010-09-24 09:32:21 — 2010-09-25 12:29:19 49.6
401054010 341.37, 0.60 2006-10-05 21:10:30 — 2006-10-08 104 21.1

502049010 344.26;0.22  2008-03-25 11:00:23 — 2008-03-30 15:00:14 215.7
100026030 345.80,0.54  2005-09-28 07:09:13 — 2005-09-29 04:25:24 375
100026020 347.63,0.71 2005-09-25 19:11:40 — 2005-09-28211 34.9

505076010 347.85;0.23  2011-02-16 01:17:29 —2011-02-16 23:10:11 32.6
501105010 348.80,0.54  2007-02-23 08:36:38 — 2007-02-23 18:39:24 20.7
503108010 348.92:0.45  2008-08-28 05:36:23 — 2008-08-28 22:17:14 235
408021010 352.17:0.27  2013-09-05 00:04:43 — 2013-09-05 19:14:14 37.3
405026010 355.27,0.39 2011-02-19 23:54:57 — 2011-02-24B1B4 20.9
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Table 1. (Continued)

Sequence No.  Pointing position Observation time (UT) Expos
I,b Start— End (ksec)

503022010 356.00, 0.70 2009-03-18 23:11:24 — 2009-03-1Z624 41.3

504049010 356.30, 1.00 2009-09-08 03:36:55 — 2009-09-036AaPL 18.2

503023010 356.33, 0.70 2009-03-26 06:37:01 — 2009-03-Z&3(19 31.2

503020010 356.40,0.05  2009-02-21 01:15:55 — 2009-02-22 18:59:14 61.1
505082010 356.40,0.40  2011-03-15 13:54:28 — 2011-03-16 14:54:23 48.5
505083010 356.40,0.80  2010-10-10 14:04:38 —2010-10-11 21:33:13 52.9
505084010 356.40;1.50  2011-03-06 05:36:44 —2011-03-07 13:01:11 50.3
505085010 356.40,2.30  2010-10-13 06:04:47 — 2010-10-14 13:30:17 55.0
505086010 356.40,3.50  2010-10-14 13:31:50 — 2010-10-16 01:30:25 54.1
503019010 356.65;0.05  2009-02-19 16:37:49 — 2009-02-21 01:15:14 52.8
503018010 356.90,0.05  2008-09-24 09:27:54 — 2008-09-24 22:30:24 29.4
503018020 356.90,0.05  2008-10-03 18:05:13 — 2008-10-04 03:42:18 12.2
503018030 356.90,0.05  2009-02-19 07:32:01 — 2009-02-19 16:36:24 11.9
503017010 357.15;0.05  2008-09-23 08:08:10 — 2008-09-24 09:21:13 51.3
503016010 357.40;0.05  2008-09-22 06:47:49 — 2008-09-23 08:07:17 52.2
503015010 357.65:-0.05  2008-09-19 07:33:05 — 2008-09-20 09:56:13 56.8
504036010 357.710.12  2009-08-29 12:05:20 — 2009-09-01 00:13:24 136.5
503014010 357.906;0.05  2008-09-18 04:46:49 — 2008-09-19 07:32:20 55.4
501053010 358.17, 0.00 2006-10-10 21:18:59 — 2006-10-106114 21.9

504002010 358.47:0.59  2010-02-27 16:14:41 — 2010-02-28 22:50:14 53.1
501052010 358.50, 0.00 2006-10-10 06:45:09 — 2006-10- 1182114 19.3

504090010 358.50;1.20  2009-10-13 04:17:20 — 2009-10-14 11:29:06 52.9
504091010 358.50;1.60  2009-09-14 19:37:36 — 2009-09-16 07:18:14 51.3
504092010 358.50;2.15  2009-09-16 07:21:35 — 2009-09-17 13:49:14 50.9
504093010 358.50,2.80  2009-09-17 13:54:31 — 2009-09-19 03:37:14 53.2
504094010 358.50,3.80  2009-09-19 03:40:31 — 2009-09-21 14:33:19 93.1
504095010 358.50,5.00  2009-10-15 15:32:28 — 2009-10-16 18:00:19 48.3
504001010 358.53;0.27  2010-02-26 09:15:00 — 2010-02-27 16:13:16 51.2
504003010 358.55;0.87  2010-02-25 04:33:17 — 2010-02-26 09:13:19 50.9
501051010 358.83, 0.00 2006-10-09 13:40:09 — 2006-10- 1064 21.9

500019010 358.91;0.04  2006-02-23 10:51:11 — 2006-02-23 20:02:19 13.3

18



Table 1. (Continued)

Sequence No.  Pointing position Observation time (UT) Expos
I,b Start— End (ksec)

500018010 359.43:-0.09  2006-02-20 12:45:25 — 2006-02-23 10:50:14 106.9
503072010 359.58, 0.17 2009-03-06 02:39:12 — 2009-03-Eb15 140.6
100027020 359.75:-0.05  2005-09-24 14:17:17 — 2005-09-25 17:27:19 42.8
100037010 359.75:-0.05  2005-09-29 04:35:41 — 2005-09-30 04:29:19 43.7
503099010 359.78, 1.13 2009-03-10 19:39:08 — 2009-03- 136114 29.7
502008010 359.83, 0.67 2007-10-12 09:52:59 — 2007-10-1502119 23.8
501046010 359.83, 0.33 2007-03-10 15:03:10 — 2007-03- 135084 25.2
502003010 359.83;0.67  2007-10-10 03:41:13 —2007-10-10 15:20:24 215
502005010 359.83;1.00  2007-10-11 01:01:17 —2007-10-11 11:32:20 20.6
501008010 359.85:0.19  2006-09-26 14:18:16 — 2006-09-29 21:25:14 129.6
501009010 359.93,0.18 2006-09-29 21:26:07 — 2006-10-G508 51.2
504089010 359.95:1.20  2009-10-09 04:05:59 — 2009-10-10 14:10:06 55.3
505079010 359.95,2.80  2011-03-12 06:36:20 —2011-03-13 10:17:21 50.2
505080010 359.95:3.80  2010-04-07 17:15:10 — 2010-04-09 21:14:16 56.1
503103010 359.99, 1.20 2009-03-11 10:56:59 — 2009-03- 1117138 18.3
503008010 0.005-0.38 2008-09-03 22:53:29 — 2008-09-05 06:56:19 53.7
504088010 0.005-0.83 2009-10-14 11:30:56 — 2009-10-15 15:29:19 47.2
502059010 0.005-2.00 2007-09-29 01:40:51 — 2007-10-02 14:10:16 136.8
503081010 0.04:-1.66 2009-03-09 15:41:50 — 2009-03-10 19:36:19 59.2
100027010 0.065-0.07 2005-09-23 07:18:25 — 2005-09-24 11:05:19 44.8
100037040 0.065-0.07 2005-09-30 07:43:01 — 2005-10-01 06:21:24 43
504050010 0.10--1.42 2010-03-06 03:55:37 — 2010-03-08 21:26:19 100.4
502007010 0.17, 0.67 2007-10-11 23:09:15 — 2007-10-12045  22.0
502006010 0.17,0.33 2007-10-11 11:34:01 — 2007-10-1172B40 22.6
502002010 0.17+-0.67 2007-10-09 16:40:54 — 2007-10-10 03:40:24 23.2
502004010 0.17+-1.00 2007-10-10 15:21:17 — 2007-10-11 01:00:24 19.9
502022010 0.23;-0.27 2007-08-31 12:33:33 — 2007-09-03 19:00:25 134.8
503007010 0.33,0.17 2008-09-02 10:15:27 — 2008-09-0¥2245  52.2
500005010 0.43;-0.12 2006-03-27 23:00:22 — 2006-03-29 18:12:15 88.4
100037060 0.64+-0.10 2005-10-10 12:28:01 — 2005-10-12 07:05:23 76.6
100037070 1.00,-0.10 2005-10-12 07:10:24 — 2005-10-12 11:05:24 9.2
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Table 1. (Continued)

Sequence No.  Pointing position Observation time (UT) Expos
I,b Start— End (ksec)
501059010 1.17,0.00 2007-03-15 18:55:51 — 2007-03-1760B30  62.2
501058010 1.30, 0.20 2007-03-14 05:02:29 — 2007-03-1%1B45  63.3
501060010 1.50, 0.00 2007-03-17 05:07:04 — 2007-03-1832D45  64.8
508075010 1.75-0.04 2014-03-10 01:33:32 — 2014-03-12 15:30:12 109.3
502009010 1.83, 0.00 2007-10-12 21:52:24 — 2007-10-1300@3  20.9
505053010 1.87,0.32 2011-03-23 03:51:35 — 2011-03-2510805  100.9
507069010 2.00,-0.04 2013-03-15 09:48:19 — 2013-03-17 18:39:15 110.3
507070010 2.25,-0.04 2013-03-17 18:39:56 — 2013-03-20 02:40:03 111.8
507071010 2.50,-0.04 2013-03-20 02:41:04 — 2013-03-22 07:19:07 112.3
507072010 2.75;-0.04 2013-03-22 07:20:36 — 2013-03-24 08:45:10 110.7
507073010 3.00,-0.04 2013-03-24 08:46:03 — 2013-03-26 09:53:12 108.9
508076010 3.25;-0.04 2014-02-28 12:46:16 — 2014-03-02 17:00:14 109.8
508077010 3.50;-0.04 2014-03-02 17:00:51 — 2014-03-04 23:00:15 109.4
503027010 5.72,-0.06 2008-04-07 00:21:13 — 2008-04-07 16:30:23 31.0
503026010 5.89,-0.38 2008-04-06 07:34:41 — 2008-04-07 00:20:24 31.7
500008010 8.04+-0.05 2006-04-07 11:49:16 — 2006-04-08 10:54:18 40.7
407092010 8.14,0.19 2012-09-21 08:05:31 — 2012-09-2200430  32.0
500007010 8.44+-0.05 2006-04-06 14:41:18 — 2006-04-07 11:48:23 375
401092010 9.94:-0.27 2006-09-09 22:13:43 — 2006-09-11 04:00:14 48.9
402094010 9.95:-0.27 2007-10-14 05:35:49 — 2007-10-15 08:00:23 52.2
406069010 10.005-0.23 2012-03-24 10:47:46 — 2012-03-26 12:45:20 70.6
504079010 10.72,0.33 2009-09-11 17:59:44 — 2009-09-1465085 51.0
503079010 10.84, 0.04 2008-04-01 16:33:52 — 2008-04-027118 44.2
503078010 11.03, 0.07 2008-03-31 14:05:55 — 2008-04-030153 51.5
504078010 11.33;-0.06 2009-09-10 11:36:47 — 2009-09-11 17:58:19 52.5
504077010 11.61;-0.25 2009-09-09 04:55:29 — 2009-09-10 11:35:14 51.9
502001010 11.95;-0.09 2007-10-02 14:17:21 — 2007-10-03 23:40:19 53.8
503087010 12.82;-0.02 2009-03-04 19:45:39 — 2009-03-06 02:31:19 56.2
401101010 12.87,0.01 2007-03-01 21:35:58 — 2007-03-08608 63.8
502053010 15.82;-0.84 2007-10-07 02:16:29 — 2007-10-08 18:10:14 715
503030010 17.47-0.58 2008-10-19 04:41:55 — 2008-10-20 19:00:07 55.5
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Table 1. (Continued)

Sequence No.  Pointing position Observation time (UT) Expos
I,b Start— End (ksec)
503028010 17.615-0.84 2008-10-15 21:49:50 — 2008-10-17 11:00:23 57.2
503029010 17.735-0.44 2008-10-17 11:01:12 — 2008-10-19 04:41:14 57.2
501044010 17.87-0.70 2006-10-17 19:37:16 — 2006-10-19 04:02:15 50.3
503086010 18.005-0.69 2009-03-19 21:33:25 — 2009-03-21 01:56:19 52.1
501045010 18.44;-0.84 2006-10-19 04:03:16 — 2006-10-20 12:10:25 52.2
506051010 18.78, 0.40 2012-03-08 22:01:58 — 2012-03-1%500B5 52.0
507044010 19.57,0.01 2012-10-15 13:05:48 — 2012-10-197106 171.8
505025010 22.00, 0.00 2010-04-16 14:27:26 — 2010-04-177112 50.5
506021010 23.29,0.30 2011-04-08 06:06:16 — 2011-04-0B7085 40.3
904006010 23.40, 0.04 2010-03-27 09:03:32 — 2010-03-2871112 42.3
505026010 23.49, 0.04 2010-10-20 13:34:39 — 2010-10-245011 49.0
401026010 25.21-0.12 2007-03-05 12:49:14 — 2007-03-06 10:17:14 42.2
504099010 25.50, 0.00 2009-04-06 02:57:46 — 2009-04-0621174 52.7
505088010 26.30, 0.00 2011-03-25 07:00:01 — 2011-03-240116 49.7
505089010 26.40,-0.31 2011-03-26 10:41:12 — 2011-03-27 15:20:23 50.0
504052010 26.44, 0.13 2009-04-13 15:32:05 — 2009-04-141189 41.1
505090010 26.71-0.15 2011-03-27 15:21:16 — 2011-03-28 19:00:18 49.6
505091010 27.1370.28 2011-03-28 19:01:23 — 2011-03-29 23:07:13 51.3
500009010 28.46:-0.20 2005-10-28 02:40:08 — 2005-10-30 21:30:15 93.3
500009020 28.46:-0.20 2006-10-15 02:15:12 — 2006-10-17 19:32:19 98.9
404081010 29.71-0.24 2009-04-15 19:37:17 — 2009-04-18 16:16:14 104.3
508022010 35.61;-0.40 2013-10-28 23:25:55 — 2013-10-30 03:09:09 52.6
506019010 36.00, 0.05 2011-09-18 22:04:29 — 2011-09-137285 40.9
505027010 37.00:-0.10 2010-04-17 17:35:13 — 2010-04-18 21:09:18 51.0
509038010 39.19;-0.30 2014-04-26 06:42:08 — 2014-04-28 02:56:13 82.8
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Table 2. Best-fit parameters of the GCXE, GBXE and GRXE.

Region Component Parameter
Normalization (A*) e-folding scalef’)  Scale heighit
1=0° [=3585 1=356°0-356"4

GCXE 6.4 keV 4302 =A;—00x0.11 =A4;_0.x0.004 0.22-0.02 3H3
6.7 keV 11.990.6  =A;_00x0.11 =A4;_0.x0.004 0.26:0.02 36L3
6.97 keV 4902  =A4;0-x0.11 =A;_q0x0.004 0.24-0.02 34+3
5-8 keV TH4 = A1—00x0.11  =A;_¢.x0.004 0.25-0.02 35k3

GBXE 6.4 keV 0.3%0.15 0.35-0.10 0.28-0.07 1.15:0.36 16450
6.7 keV 1.14-0.34 1.15:0.27 1.04:0.21 2.25-0.68 314r95
6.97 keV 0.4@-0.12 0.32-0.10 0.19-0.06 2.13-0.66 29792
5-8 keV 122 10.6t1.4 7.2£0.9 1.96:0.25 274:35

[=10°-30°  [=330°-350

GRXE 6.4 keV 0.23-0.03 0.28-0.04 0.5@:0.12 70t17
6.7 keV 0.76:0.02 0.54-0.03 1.02:0.12 14217
6.97 keV 0.020.02 =A;—100-300 0.71+0.29 99t40
5-8 keV 5.8:0.4 4.9t0.5 1.04:0.20 145-28

Error is 1o (68% confidence) level.

*: Unitis 10~ photons s! cm~2

1. Unit is degree.

1. Unit is pc. Distance of 8 kpc is assumed.

arcmin 2.

Table 3. Equivalent width of mCVs, nmCVs and ABs

Sources EW. (V) EWs7+EWsor (€V) Luminosity (ergs?)
mCVs ~120 ~260 ~10%-10%
nmCVs ~70 ~530 ~10%°-10%
ABs (& CAs) <20 300-650 ~ 10%7-10%2
GCXE 1453 748+5

GBXE 61+11 603t20

GRXE 9712 545124

Error is 1o (68% confidence) level.

22



